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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[2] The present invention relates to a magnetic head for 

recording and/or reading back information in an 
apparatus using a magnetic recording medium which holds 
information according to magnetic changes in a magnetic 
recording film formed over the surface of the medium, 
and more particularly/ the invention relates to the 
structure of a magnetoresistive thin film magnetic head 
capable of high-sensitivity and high-resolution 
recording and reading back, and a production method 
therefor. 

DESCRIPTION OF THE BACKGROUND 

[3] In recent years, there has been rapid progress made in 

high-density recording technology for use in magnetic 
disk apparatuses resulting in a successful capacity 
enlargement and size reduction of such apparatuses. The 
core of such high-density recording technology is a 
magnetoresistive thin film magnetic head ("MR head") 
with a high read-back output. Ongoing efforts to 



improve the structure of raagnetoresistive elements ("MR 
elements") with a view toward achieving ever higher 
outputs continue. The focus of these attempts is a 
structure known as a spin valve type. 

[4] An MR head is mounted with an MR element manifesting a 

magnetoresistive effect as a magnetic head dedicated to 
read-back use. The basic structure of an MR head is 
shown, for example, in Fig. 5 of JP-A-114119/1993 . An 
MR element typically includes outlet terminals made of a 
non-magnetic conductive metal joined to the MR element 
in a "sandwich-style" orientation. These outlet 

terminals let a sense current flow and detect variations 
in the resistance of the MR element due to leakage 
fluxes from the medi\Ha as a variation in voltage. 

[S] On both sides of the MR element, there are provided 

magnetic shields made of a soft magnetic sxabstance such 
as NiFe via a non-magnetic insulating layer of AI2O3 (or 
similar materials) arranged substantially in parallel to 
the MR element. This shielding structure can restrict 
the magnetic fluxes leaking into the MR element from the 
medium to those coming in through the air bearing 
surface of the MR element which thereby enhances the 
resolution of read-back. 

[6] Attempts have also been made to increase the sensitivity 

and minimize the size of MR elements to meet the need 
for ever greater density in recording and reading back 
applications. Where an MR element of such a fine 
structure is to be used, if its tip is directly exposed 
on the air bearing surface (head flying surface) , the 
outlet terminals may become short-circuited during the 
grinding process undertaken to expose the MR element or 
by dust accumulating on the medium. If the outlet 
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terminals are short-circuited in this way, the rate of 
resistance change of the MR element will drop heavily or 
the read-back noise may increase, both of which may 
result in a significant deterioration in the quality of 
the read-back signals . 

[7] For example, a tunneling magnetoresistance (TMR) element, 

currently known in the art as a highly sensitive MR 
element, is only about 20 nm in overall thickness, and 
its insulating layer, separating the free layer and the 
pinned layer within the magnetic body from each other, 
is no more than approximately 1 nm thick. The short- 
circuiting problem is particularly acute with this TMR 
element. Therefore/ it is preferable to form the MR 
element away from the air bearing surface and to provide 
a flux guide for guiding leakage fluxes from the meditim 
toward the MR element instead. This circxuastance is 
described in, for example, Nikkei Electronics, No. 774 
(July 17, 2000), p. 182. 

[8] A disadvantage in utilizing the flux guide structure 

lies in the insufficient magnetic resistance between the 
flux guide and magnetic shields sandwiching it. This 
insufficiency invites absorption by the magnetic shields 
of the magnetic fluxes flowing into the flux guide. As 
a result, magnetic fluxes from the magnetic recording 
medium decrease before they reach the MR element, and 
only part of the magnetic flux quantity flowing from the 
medium into the flux guide contributes to the read-back 
output • 

[9] Methods for improving this flux guide structure 

limitation are specifically described in, for example, 
JP-A-114119/1993 cited above and JP-A-150258/1994 . In 
an MR head described in either of these documents, the 
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shape of magnetic shields is improved which preferably 
results in an enhanced magnetic flux induction 
efficiency of the flux guide. Thus, it is a structure 
in which the spacing between the magnetic shields is 
narrowed near the air bearing surface of the head to 
restrict magnetic fluxes flowing into the flux guide, 
while the magnetic shields are arrangred away from the 
flux guide inside the head to reduce the flow of 
magnetic fluxes from the flux guide to the magnetic 
shields . 

[10] The structure disclosed in either of the above-cited 
patent applications makes it possible to keep the 
magnetic resistance between the flux guide and the 
magnetic substance of the magnetic shields greater than 
that between magnetic shields arranged in a planar form. 
Accordingly, the read-back sensitivity of the MR head 
having this flux guide structure is enhanced. 

[11] However, even in these improved structures according to 
the prior art, the magnetic shields are formed in a 
direction substantially parallel to the flux guide, i.e. 
a direction perpendicular to the air bearing surface, 
except that there is some level gap. Therefore, even 
these structures cannot prevent magnetic fluxes from 
flowing out of the flux guide, and this outflow of 
magnetic fluxes may be even more pronounced where the 
flux guide is extended in length. 

[12] In order to achieve an improved level of magnetic flux 
induction efficiency, it is necessary to increase the 
level gap between magnetic shields and to secure a wide 
angle in the level gap part. It is also essential to 
accurately control the distance between the level gap 
and the air bearing surface. 
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[13] An exemplary process for forming magnetic shields with a 
level gap like those in the above-described conventional 
structures will now be described with reference to Fig. 
1. Initially, a magnetic head base 11 is prepared as 
shown in Fig. lA. A flux guide, a magnetic flux 
detecting element consisting of a magnetoresistive 
effect, electrodes accon?>anying the magnetic flux 
detecting element and an insulating layer are preferably 
built into this magnetic head base 11 in advance. 
Thereafter, a level gap of resist 12 is formed by 
photolithography (Fig. IB) . After the angle of the 
level gap part is appropriately adjusted by high- 
temperature baking or another process (Fig. IC) , a soft 
magnetic material, such as NiFe, is formed into films 13 
to prepare shields by plating (Fig. ID) . Finally the 
slider bottom is ground to determine the air bearing 
surface 14 (Fig IE) . This production process is 
conventionally used as a method to form a level gap in 
the upper magnetic pole or the like of a recording head 
and is illustrated in, for example. Fig. 10 of JP-A- 
258236/1993. 

[14] However, utilizing the production process described 
above to fabricate exemplary devices has revealed 
potential problems. For exait?>le, where a large level 
gap is formed in a sharp angle in this process, it is 
difficult to control the way in which a plating film is 
stuck to the level gap part, and the formation of shiisld 
films in the level gap part is susceptible to frequent 
fault. For instance. Fig. ID' illustrates the result of 
plating from the step of Fig. IB with the step of Fig. 
IC dispensed with. As is understood from the state of 
the level gap shown in Fig. ID', plated magnetic shields 
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are partly thinned, resulting in an inadequate shielding 
effect in this part. 

[151 At the step of easing the angle of the level* gap part 
shown in Fig. IC, the starting position of the level gap 
(the ending position of the resist) substantially 
fluctuates from head to head. Consequently/ in the 
grinding process shown in Fig. IE, the closer the 
starting position of the level gap is to the air bearing 
surface, the greater the deviation of the distance from 
the air bearing surface of the magnetic head to the 
starting position of the level gap, which may result in 
a more pronounced fluctuation of read-back sensitivity. 
Enhancing the efficiency of magnetic shields without 
deviating from conventional structures has its own 
inevitable limit imposed by the production process. 



SUMMARY OF THE INVENTION 

[161 The present invention aims may enhance the efficiency of 
inducing magnetic fluxes to the MR element by a flux 
guide through the use of magnetic shields of a simpler 
structure and a simpler production method which thereby 
reduce the outflpw of magnetic fluxes from the flux 
guide to magnetic shields. The present invention may 
thereby provide a novel ma gnetoresi stive thin film head 
which makes possible recording and reading back in a 
higher density than conventional heads. 

[17] In order to address one or more of the limitations 
mentioned above, according to at least one preferred 
embodiment of the present invention, there is provided a 
magnetic head con^rising magnetic shields exposed on a 
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surface opposite a magnetic recording medium (air 
bearing surface) and a flux guide formed between the 
magnetic shields and exposed on the air bearing surface 
via a non-magnetic layer. Magnetic fluxes are guided by 
the flux guide to an MR element formed in a position not 
exposed on the air bearing surface, and the height (in 
the vertical direction of the figures herein) of the 
magnetic shields in a direction perpendicular to the air 
bearing surface is kept below the distance from the air 
bearing surface to the MR element. 

[18] The lengthwise direction of the magnetic shields (the 
direction along the longest axis of the shield) is 
preferably made parallel to the air bearing surface. 
The magnetic shields may be formed in contact with the 
air bearing surface in a tracking line direction over a 
length at least as great as the greatest magnetic domain 
length in the tracking line recorded on the opposite 
recording medium. 

[19] The magnetic shields are preferably separated by a non- 
magnetic layer from a recording head. The MR element 
may be arranged in parallel to the air bearing surface 
of the magnetic head, and the magnetic shields are 
preferably formed in both the tracking direction and in 
the widthwise direction of the track relative to the 
flux guide. 

[20] The area of the flux guide exposed on the air bearing 
surface is preferably smaller than a cross-sectional 
area parallel to the air bearing surface of the flux 
guide within the head. A supporting member for the 
magnetic head may be optically transmissive at least in 
the vicinity of the air bearing surface, and can form a 
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planar type probe of near field light in the vicinity of 
this air bearing surface. 

[21] The invention also preferably provides a production 
method for magnetic heads whereby magnetic shields are 
formed by the following sequence of processing: forming 
a lower non-magnetic film over a siabstrate; forming a 
lower magnetic pole over the lower non-magnetic film; 
forming a flux guide and an MR element; forming an upper 
magnetic pole over the above elements; cutting the 
elements into head element units; and machining the cut 
surface into an air bearing surface as the basic surface 
opposite the medixHa. By this method, at least the 
magnetic shield part may be formed on the basic surface 
of the magnetic head opposite the medi\juii/ and the height 
of the magnetic shields may be less than the distance 
from the air bearing surface to the MR element. 

[22] The invention may also be applicable to a production 
method for magnetic heads in which a reading head is 
formed by exposing magnetic shields on an air bearing 
surface, a flux guide is formed between the magnetic 
shields to be exposed on that air bearing surface via a 
non-magnetic layer^ and an MR element is formed in a 
position not exposed on that air bearing surface. After 
this process, a gap layer is preferably formed over the 
reading head, and a recording head having a pair of 
magnetic poles is formed via the gap layer. 

[23] According to the invention, the height of the magnetic 
shields in a direction perpendicular to the air bearing 
surface is preferably less than the distance from the 
air bearing surface to the MR element. The magnetic 
shields are preferably formed separated by a non- 
magnetic layer from the recording head, and the 
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recording head part can be fabricated by a planar type 
process as well. 

[241 Furthermore, the invention may be applied to a magnetic 
head production method comprising: forming a lower non- 
magnetic film over a substrate; forming a lower gap 
layer over the lower non-magnetic film; forming a flux 
guide pole part and a magnetoresistive element; forming 
an upper gap layer over these elements; cutting a slider 
off the substrate surface; and forming magnetic shields 
and a flux guide tip after machining the cut surface 
into an air bearing surface as the basic surface 
opposite the medium. 

[25] According to the invention, it is preferable to form at 
least the magnetic shield part over the air bearing 
surface of the magnetic head, fabricate the magnetic 
shield part and the flux guide tip exposed on the air 
bearing surface by the same film formation process, and 
split them: by photolithography, etching or otherwise. 
It is also preferable to keep the height of the magnetic 
shield less than the distance from the air bearing 
surface to the magnetoresistive element (MR element) . 

[26] Additional potential objects, features and/or advantages 
of the invention will appear more fully from the 
following detailed description of the invention, the 
figures, and the attached claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[27] For the present invention to be clearly understood and 
readily practiced, the present invention will be 
described in conjunction with the following figures. 
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wherein like reference characters designate the same or 
similar elements, which figures are incorporated into 
and constitute a part of the specification, wherein: 

[28] Fig. 1 illustrates a conventional production 

process for magnetic shields with a level gap for use in 
a magnetic head; 

£29] Fig. 2 is a cross-sectional view of a thin film 

magnetic head according to the invention; 

[30] Fig. 3 illustrates an exemplary production 

process for a magnetic head according to the invention; 

[31] Fig. 4 illustrates the basic configuration of a 

magnetic head according to the invention; 

[32] Fig. 5 illustrates how magnetic shields of a 

magnetic head manifest a shielding effect; 

[33] Fig. 6 illustrates an example of a magnetic head 

in which magnetic shields are in a vertical direction; 

[34] Fig. 7 illustrates the arrangement of a magnetic 

shield of a magnetic head according to the invention; 

[35] Fig, 8 illustrates a production method for a 

magnetic shield and a flux guide in the magnetic head 
production process; 

[36] Fig. 9 illustrates a magnetic head production 

process; 

[37] Fig. 10 illustrates a step of producing a flux 

guide tip in the magnetic head production process; 
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[38] Fig. 11 illustrates an integrated 

recording/reading head structure according to the 
invention; 

[39] Fig. 12 illustrates an integrated 

recording/reading head structure fabricated by a planar 
type process; 

[40] Fig. 13 illustrates a configuration of a magnetic 

head structure according to the invention; 

[41] Fig. 14 shows how a near field light recording 

head as viewed from the air bearing surface; 

[42] Fig. 15 shows the result of a comparison between 

read-back signal intensities from heads having a number 
of different flux guide structures; 

[43] Fig. 16 illustrates a configuration of a magnetic 

head structure according to the invention; 

[44] Fig. 17 shows a micro- traclc profile of a reading 

head; 

[45] Fig. 18 shows a cross-section of a conventional 

thin film magnetic head; and 

[46] Fig. 19 illustrates a conventional integrated 

recording/reading head structure in a magnetic head. 



DETAILED DESCRIPTION OF THE INVENTION 

[47] It is to be understood that the figures and descriptions 
of the present invention have been simplified to 
illustrate elements that are relevant for a clear 
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understanding of the present invention, while 
eliminating, for purposes of clarity, other elements 
that may be well known. Those of ordinary skill in the 
art will recognize that other elements are desirable 
and/or required in order to implement the present 
invention. However^ because such elements are well 
known in the art, and because they do not facilitate a 
better understanding of the present invention, a 
discussion of such elements is not provided herein. The 
detailed description will be provided hereinbelow with 
reference to the attached drawings. 

[48] Preferred embodiments of the present invention will be 
generally outlined first. According to the invention, 
at least in the vicinity of a flux guide, magnetic 
shields are formed in parallel to the air bearing 
surface of the head, and the height of the magnetic 
shields is kept less than the distance between the MR 
head and the air bearing surface. Since the flux guide 
is formed in a perpendicular direction to the air 
bearing surface, the angle formed by the flux guide and 
the lengthwise direction (along the longest axis) of the 
magnetic shields is substantially equal to 90 degrees. 
This structure places the area in which the flux guide 
and the magnetic shields are closest to each other under 
restraint by the height of the magnetic shield film, and 
it is thereby possible to restrict an excessive outflow 
of magnetic fluxes from the flux guide to the magnetic 
shields . 

[49] The arrangement of a flux guide and magnetic shields 
according to preferred embodiments of the present 
invention is illustrated in Fig. 2. While the magnetic 
shields 23 are substantially parallel to a flux guide 22 
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and a magnetic flux detecting element 21 in a structure 
according to the prior art shown in Fig. 18, the 
magnetic head according to the invention (Fig. 2) is 
preferably characterized by the parallel direction of 
magnetic shields 23 to an air bearing surface 2 6 (the 
air bearing surface will face the magnetic recording 
medium) . As a result, the magnetic shields 23 are in a 
direction substantially perpendicular to the flux guide 
22. 

[SO] In this configuration the height of the magnetic shields 
23, i.e. their height 24 from the air bearing surface 26, 
is preferably kept less than a distance 25 between the 
air bearing surface 26 and the magnetic flux detecting 
element 21. As a result, the area in which the flux 
guide 22 and the magnetic shields 23 are closest to each 
other is smaller than in the conventional structure (Fig. 
18) which may result in a reduced outflow of magnetic 
fluxes from the flux guide 22. 

[51] If any constraint in the magnetic head production 
process invites an increase in the distance 25 of 
magnetic flux guidance by the flux guide 22 to the 
magnetic flux detecting element 21, the outflow of 
magnetic fluxes does not substantially increase because 
there is no change in the area in which the flux guide 
22 and the magnetic shields 23 are closest to each other. 
Therefore, the quantity of magnetic fluxes flowing into 
the magnetic flux detecting element 21 therefore does 
not decrease substantially, and there will be almost no 
drop in read-back sensitivity of the head. 

[52] Furthermore, even where the magnetic flux guiding 
distance 25 to the magnetic flux detecting element 21 
substantially fluctuates because of some aspect of the 
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manufacturing process, there will preferably be no 
variation in the quantity of magnetic flux outflow if 
the magnetic shield height 24 is kept constant, which 
may result in a minimization of errors in head 
sensitivity. 

[53] A magnetic head having such a magnetic shield structure 
can usually be produced by one of two film formation 
methods: one by which films are formed in a direction 
perpendicular to the air bearing surface, and the other 
by which they are formed in a direction parallel to the 
air bearing surface. The point of technical importance 
greatly varies with the choice between these two 
alternatives . 

[54] The former perpendicular method, which has been chiefly 
used in the art, involves a step to expose and define 
ends of magnetic poles on the cut surface after their 
formation in thin films. Thus, as illustrated in Fig. 
IE, after the recording/reading element part is produced 
by a thin film formation process, the substrate is died 
and lapped to expose the recpiired position on the air 
bearing surface 14. The conventional structure as 
described above is fabricated by this process. The 
latter parallel (horizontal) method is used for 
fabricating what is known as a "planar" type magnetic 
head. Examples of planar type thin film magnetic head 
fabrication processes are described in detail in, for 
example, JP-A-53712/1999 and JP-A-244817/1995 . 

[55] In order to fabricate the above-described structure 
according to the present invention by the former thin 
film formation process by which films are formed in a 
direction perpendicular to the air bearing surface, the 
area in which magnetic shield films are formed can be 
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limited by photolithography or other methods. Thus, 
where a level gap is formed in magnetic shields 
according to the conventional process, the ar^a in which 
magnetic shields are formed is limited in itself. More 
specifically, magnetic shield films can be formed only 
in the area closer to the substrate cut surface than the 
magnetic flux detecting element and the magnetic shield 
film thickness can be determined at the lapping step 
which follows. 

[56] To produce the magnetic shield structure according to 
the present invention, the latter, i.e. the planar type 
thin film magnetic head fabrication is preferred. In 
this case, since the air bearing surface of the head 
(usually the air bearing surface of the slider) is 
roughly determined (and made the basic surface opposite 
the medium) , the magnetic shield film can be formed by 
the thin film formation process in parallel with this 
basic surface opposite the medium. This method greatly 
facilitates adjustment of the magnetic shield film 
thickness . 

[57] As described above , the use of the structure according 
to the invention may enhance the magnetic flux detecting 
efficiency of a thin film magnetic head to which the 
flux guide is applied and may increase the sensitivity 
of the reading elements. Furthermore, the large level 
gap required on the magnetic shield surface by the 
conventional structure for achieving the same effect, 
which is difficult to form, can be dispensed with 
according to the invention, which therefore facilitates 
an improved fabrication process. 

[58] The present invention will be described in further 
detail with respect to specific embodiments thereof with 
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reference to the accompanying drawings. The embodiments 
are cited for the convenience of explaining the general 
principles of the invention, but are not intended to 
limit the scope of the invention. 

<First Exemplary Embodiment> 

[59] Fig. 3 illustrates an exemplary production process for 
fabricating a device according to the present invention. 
In this embodiment/ magnetic shields and other films are 
foirmed in a direction perpendicular to the air bearing 
surface. Initially, as shown in Fig. 3A, a plated base 
32 is formed by either vapor deposition or sputtering 
over a lower insulating layer 31 preferably made of 
Al203TiC or a similar material. Over this base, a 
photoresist is applied and formed into a photoresist 
film 33 of approximately 3 to 4 jx m in thickness by 
prebaking at about 80 ^ C (Fig. 3B) . Next, a resist 
pattern 34 is formed by photolithography as shown in Fig. 
3C. After the resist pattern 34 is hardened by post- 
baking at 130 C, an NiFe film 35a is electroplated, 
using the plated base 32 as an electrode - 

[60] Thereafter, as shown in Fig. 3D, the plated film can be 
selectively grown only in an area where the resist 
pattern 34 is absent (frame plating) . The resist pattern 
34 and the plated base 32 under it are then etched off 
(Fig. 3E) , and a non-magnetic layer 36a of alximina or a 
similar material is preferably formed in a filmy state 
over the NiFe film 35a, which is a lower permalloy film 
as shown in Fig. 3F. Thereafter, the heights of the 
NiFe film 35a and the non-magnetic layer 36a are evened 
out by lapping as shown in Fig. 3G. A non-magnetic 
insulating layer of alumina is preferably formed again 
as a lower gap film 37a over this flattened surface as 
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shown in Fig. 3H, and this process is followed by the 
formation of a flux guide 38, a magnetic flux detecting 
element 39 such as a TMR film, and again alujtiina as an 
upper gap film 37b. 

[61] At this stage, another NiFe film 35b, which is an upper 
permalloy film, is formed by repeating the steps from 3A 
through 3G as described above. Here, resist pattern 
positions 310 of the lower NiFe film 35a and the upper 
NiFe film 35b are preferably precisely in agreement with 
each other and are closer to the cut surface (the air 
bearing surface) than the magnetic flux detecting 
element 39, 

[62] A complex process including electrode fonaation in the 
vicinity of a magnetoresistive sensor may be required, 
but the illustration in Fig. 3 is limited to that 
necessary for describing the process of magnetic shield 
f abrication. 

[63] After the completion of the film formation process (or 
alternatively after the stacking of the recording head, 
a protective film and the like), a sxibstrate is 
preferably cut into head element units along the 
vertical direction in Fig. 3. An air bearing surface 41 
shown in Fig. 4 is formed by chemical mechanical 
polishing (CMP) or some other way of polishing the cut 
surface. In this polishing process, NiFe films of an 
appropriate thickness remain behind as shown in Fig. 4. 
Then the NiFe films 35a and 35b function as magnetic 
shields formed along the air bearing surface 41. 

[64] Once the film formation area for the magnetic shields 35 
is determined by frame plating or otherwise as shown in 
Fig. 3, the frame edge is at a substantially right angle 
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to thin films including the flux guide 38 and the 
magnetic flux detecting element 39, with the intended 
result that the magnetic flux outflow from, the flux 
guide to the magnetic shields is smaller on the magnetic 
flux detecting element side than according to 
conventional methods . 

If the magnetic shields are too thick here, the magnetic 
flux outflow from the flux guide will increase which 
reduces the read-back output. Conversely, if the 
magnetic shield thickness is less than necessary, the 
shielding effect will be insufficient, and interference 
between adjoining codes will invite a readout errors. 
Therefore, the magnetic shield height (vertical 
direction in Fig. 4) should be appropriately determined 
to match the size of the magnetic domain for recording. 

The magnetic shields in the tracking line direction are 
preferably of sufficient length to achieve an adequate 
shielding effect for at least as long as the longest 
magnetic domain recorded on the recording medium. The 
reason will be described below with reference to Fig. 5. 
Where magnetic shields 53 are at least as long as the 
recorded bits 52 on a magnetic recording film 51^ 
magnetic fluxes having entered into the magnetic shields 
53 from a recorded bit end 52a of the medium return to a 
recorded bit end 52b on the other side. Therefore, 
magnetic fluxes 55 transmitted by the magnetic shields 
53 are reduced, resulting in a greater shielding effect 
even if the shield film height is the same. 

On the other hand, where the shields 53 are shorter than 
the recorded bits 52, magnetic fluxes 55 are more easily 
transmitted by the magnetic shields 53 and flow into the 
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adjoining flux guide 54. In this case, no sufficient 
shielding effect can be expected, 

[68] In a structure shown in Fig. 6 wherein the magnetic 
shields 35 are bent off of the air bearing surface 41 
(i.e., the right angle "elbow" shape of the shields 35 
in Fig. 6), the object of the magnetic shield structure 
according to the invention may be achieved. However, in 
this case too, the length of contact with the air 
bearing surface 41 is preferably at least as long as the 
longest magnetic domain recorded on the opposite 
recording medium for the same reason as that described 
above . 

[69] Fig. 15 shows exemplary results of a comparison of read- 
back signal intensities from heads having a niomber of 
different flux guide structures. On the media from 
which signals were read back, signals of a single period 
are recorded at 300 kFCI (about 85 nm in magnetic domain 
length). Each head ha^ magnetic shields differing in 
height from those of other heads, and a flux guide of 20 
nm in thiclcness is sandwiched between magnetic shields 
of 100 nm in gap length. The distance from the air 
bearing surface to the magnetic flux detecting element 
is approximately 250 nm for every head. 

[70] The horizontal axis in Fig. 15 represents the height of 
the shields, and in this case a shield height of less 
than 250 nm is a requirement of the invention. On the 
other hand, if the magnetic shield height reaches or 
surpasses 250 nm, this means that the shields are 
arranged along the flux guide to the same domain as in 
the conventional structure, and there is a similar 
shield effect to that of a magnetic head of the 
conventional structure . 
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[71] The findings summed up in Fig. 15 reveal that a greater 
read-back signal intensity is achieved in the domain of 
less than 250 nm in shield height thap in the 
conventional structure generally consisting of a domain 
of at least 250 nm in shield height. Moreover, the 
highest read-back intensity is observed in a domain in 
the vicinity of approximately 100 nm, presumably because 
the decrease in read-back signals in a domain of 100 nm 
or above in shield height is due to the outflow of 
magnetic fluxes from the flux guide to the adjoining 
shield along with an increase in the height of the film. 

[72] On the other hand, where the shield height is less than 
about 100 nm, the read-back signal intensity decreases. 
One possible reason for this decrease is that a weakened 
magnetic shielding effect invites a deterioration in 
read-back resolution for the magnetic domain of a 
con5>aratively high density of recording (such as 300 
kFCI) , and accordingly, the amplitude of the read-back 
signals decreases. These findings indicate that a 
shield thickness of around 100 nm is more preferable for 
the recording/read-back system tested according to this 
exemplary embodiment of the present invention. 

<Second Exemplary Embodiment> 

[73] Fig. 7 illustrates a second exemplary preferred 

embodiment of the present invention. This embodiment 
differs from the first example in that a magnetic body 
having a magnetic shielding effect surrounds a flux 
guide. To illustrate this difference. Fig. 7 shows a 
cross section (A-A' ) along the plane of formation of the 
flux guide 38 in Fig. 4, A magnetic shield 71 in a 
sideward direction (i.e., in the direction of the track 
width which is into and out of the page in Fig. 4) is 
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formed to encircle the flux guide 38 with the guide in 
the middle. In other words, the magnetic shield 71 
completely encircles the flux 38 at its tip. This 
orientation may prevent leakage magnetic fluxes from the 
adjoining track from getting mixed into read-back 
signals (because the sides of the flux guide is now also 
shielded) . 

[74] A side magnetic shield 71 can be formed in a filmy state 
simultaneously with the film formation process for the 
flux guide 38 . To fabricate these elements in 

prescribed positions magnetically separate from each 
other, either photolithography can be applied or the 
formed film can be etched. Any problems may be avoided 
if these elements are fabricated by separate film 
formation processes, and, in this case, different 
materials may be used for the flux guide 38 and for the 
magnetic shield 71. 

[75] The height of the side magnetic shield 71 shown here is 
matched to the height 310 of the magnetic shield 35 in 
the tracking direction shown in Fig. 4. Making the 
magnetic shield film height uniform in this way 
preferably makes it possible to maintain a certain level 
of shielding effect while preventing the read-back 
sensitivity from falling off- 

[76] Whereas an actual reading element requires electrode 
outlet lines around the magnetic flux detecting element, 
if magnetic shields of the conventional structure are 
used, it may be impossible to arrange electrodes in 
their positions in this embodiment of the invention. 
However, as the magnetic shield in this invention is 
lower than the position of the magnetic flux reading 
element, any possibility of interference between the 
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electrode outlet lines and the magnetic shield may be 
avoided. In the present structure wherein the magnetic 
shield is formed only in a position closer to the air 
bearing surface than the magnetic flux detecting element, 
there is the potential advantage that the arrangement of 
a magnetic shield beside the flux guide provides a 
shielding effect in the track width direction as well, 

[77] Fig. 16 shows micro-track profiles in both a reading 
head having a side magnetic shield and one having no 
side magnetic shield. The width of the air bearing 
surface of the flux guide in the direction across the 
track is approximately 0.39 micron, and the shield space 
of the head having a magnetic shield is 0.62 micron in 
both cases. It is shown in Fig. 16 that, although there 
is no significant difference in intensity distribution 
near the center of the track, leakage signals from 
positions about 0.3 micron away are markedly reduced by 
the effect of the side shield. In this exemplary test 
head, the width of the area accounting for 90% of the 
micro-track profile shown in Fig. 16 is reduced by the 
side shielding effect from 0.59 micron to 0.45 micron, 
or by about 25%. 

<Third Exemplary Embodiment> 

[78] Fig. 8 illustrates another exemplary embodiment of the 

present invention in which a magnetic shield is 
fabricated by a planar type process. 

[79] A flux guide 81, a magnetic flux detecting element 82 
and other elements are stacked in a direction 
perpendicular to the air bearing surface as in the first 
exen^lary embodiment of the invention. After the 
formation process in the perpendicular direction is 
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completed, a slider is cut off of the surface of the 
substrate and, after the cut surface is processed for 
air bearing as the basic surface opposite the medium, 
the magnetic shield is formed over the basic surface 
opposite the medium. 

[80] In fabricating the magnetic shield by this process, 
however, it may be necessary to properly match its 
position with that of the already fabricated flux guide 
so that the flux guide and the magnetic shield are 
magnetically separated from each other. 

[81] A positional matching method for this purpose is 
described, for instance, in JP-A-197926/1993 . At the 
stage of forming the flux guide 81, the magnetic flux 
detecting element 82 and similar elements, a positioning 
pattern 83 is preferably formed so that its ends are 
exposed on the air floating surface side. When the 
magnetic shield surface is fabricated by the planar type 
process afterwards, the machining position of the 
magnetic shield surface is determined with reference to 
the ends of the positioning pattern 83. 

[82] For instance, after forming a magnetic film in the 
region of a magnetic shield forming position 85 of the 
basic surface 84 opposite the medium shown in Fig. 8A 
(the formation of this magnetic film causes the air 
bearing surface to be formed as what is denoted by 87 in 
Fig- 8B) , the magnetic film is patterned using a 
positioning pattern 83. This results in separation of 
the magnetic shield section 8 6 from the flux guide 81 as 
illustrated in Figs. 8B and 8C. As a means of this 
patterning, focused ion beam (FIB) machining can be used 
as an alternative to photolithography. 
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[83] As is evident from Fig. 8B, by using the shield 
structure and also the fabrication method for this 
embodiment, a magnetic shielding effect may be achieved 
in both the tracking direction and in the track width 
direction as in the case of the second exemplary 
embodiment described above. 

<Fourth Exemplary Embodiment> 

[84] According to the production method for the third 
exemplary embodiment described above, only the magnetic 
shield part is fabricated by a planar type process. 
However, if the magnetic flux detecting element 
consisting of an MR element is arranged in parallel to 
the air bearing surface and every step of the process is 
unified to the planar type, the fabrication process as a 
whole can be made more efficient. 

Fig. 9 illustrates a production process applicable to 
the arrangement of the magnetic flux detecting element 
in parallel to the air bearing surface. First, as shown 
in Fig- 9A, a flux guide 92 and an MR element 93 are 
fabricated over a sxibstrate surface 91. Other 
structures including electrodes are fabricated, but 
their description is dispensed with here. Thereafter, 
as shown in Fig. 9B, a ^^pole'' section 94 to guide the 
flux guide 92 toward the air bearing surface is formed. 
After fabricating the flux guide 92 and pole section 94, 
an alumina film and/pr other layers are accxamulated 
around them, and a flat surface 84 is created by a CMP 
process. 

Finally, as shown in Fig. C, a flux guide tip 95 and a 
magnetic shield film 96 are formed. The method by which 
the flux guide tip 95 and the magnetic shield film 96 
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are separated from each other in the same way as in the 
third exemplary embodiment described above. 

[87] As a more concrete version of the present emltodiment, a 
case in which the tip of the flux guide is made 
particularly fine will now be discussed. Fig. 10 
illustrates an exemplary process for fabricating this 
structure. This process is the same as that illustrated 
in Fig. 9 \intil the flux guide is guided toward the air 
bearing surface by a pole structure. 

[88] From the stage of Fig. 9B onward, a flux guide layer 101 
and a hard layer 102 (which is more difficult to etch 
than the flux guide layer 101) are formed respectively 
near the tip of the pole 94 as shown in Fig. lOA. NiFe 
is suitable for the flux guide layer 101, and alumina is 
suitable for the hard layer 102. The result of 
anisotropic etching of the head surface in this state by 
reactive ion etching (RIE) or otherwise is illustrated 
in Fig. lOB. Only the flux guide layer 101 is etched 
substantially to form a flux guide tip 103 having a 
conic or pyramidal convex shape. The remainder of the 
hard layer 102 at the tip of the flux guide layer is 
removed by melting a parting layer inserted in advance 
between the flux guide layer 101 and the hard layer 102. 

[89] Next, as shown in Fig. IOC, a gap layer 104 and a 
magnetic shield film 105 are formed respectively over 
this flux guide tip 103, and the step is followed by 
polishing. This results in again exposing the flux 
guide tip 103 on the surface as shown in Fig. lOD. 
Thereafter, the flux guide tip 103 is magnetically 
separated from the magnetic shield film 105 by the 
thicJcness of the gap layer 104, and it is thereby made 
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possible to detect magnetic information of high 
resolution. 

[90] Fig. 17 is a copy of a cross-sectional SEM ittiage of an 
exemplary sharpened flux guide. The width of the tip 
part is reduced to about 30% of that of the pole section 
of the flux guide, representing a reduction to about 
1/10 in area measure. It is therefore seen that the 
application of this technique makes possible a 
significant enhancement in the resolution of the reading 
head. 

[91] The technique of sharpening the head of a magnetic body 
by anisotropic etching has been used in producing 
cantilevers for magnetic force microscopes (MFM) . This 
embodiment is characterized by the application of a 
similar process to the flux guide tip, and the covering 
of this tip with the gap layer and the shield layer. 

< Fifth Exemplary Embodiment > 

[92] Fig. 11 illustrates another embodiment of the present 
invention in which a reading head having magnetic 
shields is integrated with a magnetic recording head. 
The description here refers to a process in which films 
of the reading head and the recording head are formed in 
a direction perpendicular to the air bearing surface. 
This embodiment is preferably characterized by a 
sequence of production in which magnetic poles of the 
recording head are formed via a non-magnetic layer 114 
after magnetic shields 35 of the reading element part 
are formed. 

[93] For magnetic heads, it is desirable to arrange the 
recording head and the reading head as close as 
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practicable to each other, for instance, only a few 
microns apart, to enable tracking to be done during 
recording. Since conventional magnetic shields can have 
a sufficient shielding height as shown in Fig. 19, they 
may have a sufficient volume with only 2 or 3 microns of 
thickness in the direction of the air bearing surface. 
Therefore^ even if one of the magnetic poles of the 
recording head is used as part of the magnetic shield 
film, the recording magnetic flux will not substantially 
affect the reading head. 

[94] However, where magnetic shields of a structure according 
to the present invention are used, the volume of the 
magnetic body is reduced as is seen from Fig. 11. It is 
therefore conceivable, when a recording magnetic field 
is to be generated, that the recording magnetic field 
may affect the reading head (e.g. the pinned layer of 
the GMR head) . If this happens, there will arise the 
problem of ^'read-back sensitivity fluctuations," a 
phenomenon in which the read-back sensitivity varies 
every time recording is attempted. 

[95] Fluctuations in the magnetic characteristics of magnetic 
flux detecting sensor due to recording operation can be 
restrained by the use of a structure in which, as in 
this embodiment, a magnetic pole 111 of the recording 
head and a magnetic shield 35 are magnetically separated 
by the insertion of a non-magnetic layer 114 between 
them. Thus the configuration of this embodiment can be 
effectively applied to realize a magnetic head having a 
combined recording/reading capability. 

<Sixth Exemplary Embodiment> 
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[96] Where magnetic shields according to the present 
invention are to be fabricated in a planar type process, 
it is desirable that the recording head be aj-so formed 
in a planar type process. Fig. 12 illustrates another 
embodiment of the invention in which a recording head 
and a reading head are fabricated in a planar type 
process / and a magnetic shield/ flux guide arrangement 
according to the invention is adopted. In Figs. 12A and 
12B, structures of a ring-shaped recording head and a 
single pole type recording head are shown^ respectively. 
A detailed description of a planar type manufacturing 
process for recording heads is found in, for example, 
JP-A-53712/1999. 

[97] In this embodiment, from an insulator surface 126 in 
which an MR element 121 and a flux guide 122 are to be 
fabricated, structures such as a recording head core 123 
are fabricated successively. At the final stage of 
forming a magnetic shield film 125, the tips of the 
recording head core 123 and of the . tlux guide 122 are 
exposed on an air bearing surface 127, and the structure 
shown in Fig. 12 is thereby produced. 

[98] Examples of the fabrication of such heads by one or more 
conventional processes are described in, for example, 
the Abstracts of the 24th Convention of the Magnetics 
Society of Japan 13aA-6, p. 162 (2000) . A comparison of 
these known examples and the case of Fig. 12B reveals 
that, in the fabrication of a recording head by a planar 
type process, a wound coil 124 can be positioned close 
to an air bearing surface 127, and the length from the 
part where there is the wound coil to the end of the 
magnetic pole can be reduced. As this, results in 
enhanced efficiency of the generation of a recording 
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magnetic field, this embodiment presents an advantageous 
shape when a large recording magnetic field is required. 

[99] In this case, too, it is evident that the recording head 
and the magnetic shield may be separated from each other 
as in, for example, the sixth einbodiment of the 
invention described above. 

<Seventh Exeii^lary Embodiment> 

[100] Fig. 13 is another head structure according to the 
present invention in which a reading head fabricated by 
a planar type process is combined in a near field light 
recording head in the formation process. In this 
embodiment, an optically transmissive substance is used 
as the base of a magnetic head slider, and a recording 
head consisting of a laser light source 131, a thin 
metallic film 132, a magnetic field generating coil 133 
and other elements are fabricated in a position 
adjoining the reading head, instead of as a usual 
magnetic recording head, . 

[101] Fig. 14 shows how the near field light recording head 
used in this embodiment loolcs as viewed from the air 
bearing surface side. For the near field light 

recording head of this embodiment, a thin metallic film 
141 consisting of a highly electroconductive material 
such as Au of Al is formed in a prescribed shape along 
the air bearing surface and is irradiated with a highly 
coherent electromagnetic wave such as a laser beam. 
Then, as excitons known as plasmons are generated within 
the thin metallic film 141, the energy of the 
electromagnetic wave can be concentrated on point A in 
Fig. 14 by forming the thin metallic film 141 in a 
prescribed shape. 
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[102] An example of a planar near field light head is 
described, for example, in the 6th International 
Conference on Near Field Optics and Related Techniques, 
Conference Program, p. 55 (Mat sumo to et al . ) and JP~C- 
73922/2000 among others. According to these references, 
when the length of the gap between the head and the 
medium is about 5 nm, the near field light manifests a 
very narrow intensity distribution of around 5 nm in 
diameter. Then, if a coil 142 is arranged so as to 
surround point A in Fig. 14, and a magnetic field is 
generated simultaneously with irradiation with a laser 
beam, ultra-high density recording can be carried out by 
thermomagnetic recording system or thermo-assisted 
magnetic recording system. 

[103] The near field light recording head used in this 
embodiment requires a metallic film for the air bearing 
surface of the magnetic head as do magnetic shields 
according to the invention. Therefore, this near field 
light recording head matches a planar type magnetic 
shield structure according to the invention well. The 
combination with a reading head according to the 
invention can provide, a head having both a recording 
function using near field light and a reading function 
using a magnetoresistive element. 

[104] As described above, by using a structure according to 
the present invention, it may be possible to enhance the 
magnetic flux detecting efficiency of a thin film 
magnetic head to which a flux guide structure is applied, 
thereby increasing the sensitivity of the reading 
element. Also, while a conventional structure requires, 
to achieve a similar effect, to provide on the magnetic 
shield surface a large level gap which is difficult to 
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form, the present invention requires no such gap, and 
the fabrication process is facilitated accordingly. 



[105] As is evident from the foregoing description, the use of 
a magnetic shield structure according the invention, in 
which the lengthwise direction is along the air bearing 
surface of magnetic heads, preferably makes possible 
fabrication of a reading head whose reading element 
excels in magnetic flux detecting efficiency by using a 
flux guide. As a result, the yield of magnetic head 
production may be enhanced, and a high performance 
magnetic recording apparatus can be realized. 
Furthermore, a planar type magnetic shield production 
process facilitates production of . magnetic heads of 
which the lengthwise direction is parallel to their air 
bearing surface. 

[106] The foregoing invention has been described in terms of 
preferred embodiments. However, those skilled, in the 
art will recognize that many variations of such 
embodiments exist. Such variations are intended to be 
within the scope of the present invention and the 
appended claims. 

[107] Nothing in the above description is meant to limit the 
present invention to any specific materials, geometry, 
or orientation of elements. Many part/orientation 

substitutions are contemplated within the scope of the 
present invention and will be apparent to those skilled 
in the art. The embodiments described herein were 
presented by way of example only and should not be used 
to limit the scope of the invention. 

[108] Although the invention has been described in terms of 
particular embodiments in an application, one of 
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ordinary skill in the art, in light of the teachings 
herein, can generate additional embodiments and 
modifications without departing from the spirit of, or 
exceeding the scope of, the claimed invention. 
Accordingly, it is understood that the drawings and the 
descriptions herein are proffered by way of example only 
to facilitate comprehension of the invention and should 
not be construed to limit the scope thereof. 
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